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NEW ZEALAND STATISTICAL
ASSOCIATION

The New Zealand Statistical Association was
incorporated in 1949 with the object of “the
encouragement of theoretical and applied statis-
tics in New Zealand.” In 1992 this object was
expanded as a mission to “lead New Zealand
to value and make intelligent use of statistical
thinking and good statistical practice.” Many
of the early members used statistics as a tool
in another discipline, there being no formal
professional training offered anywhere in the
country at that time. Today membership is still
open to all, and in 1997 there are about 400
members. Formal accreditation of members has
been discussed, but rejected in favor of a vol-
untary Code of Ethics. Organizations interested
in the objects of the Association may join as
corporate members. Initially the annual confer-
ence was the Association’s only activity. Papers
were often of low technical level, but they pro-
vided an opportunity for the few professionals
to share their expertise in the ensuing discus-
sions. The annual conference remains a. focus
for the Association’s activities today, and al-
though the technical level of the papers is now

most respectable, the tradition of reaching out

to nonstatisticians continues by holding joint
conferences.

Education has been and still is a major con-
cern of the Association. It has promoted statis-
tics in schools and technical training, and has
been and continues to be involved in designing
curricula. It has published teaching materials
and computer software, and each year awards
statistics prizes at 23 secondary-school science
fairs held throughout the country.

Concern over misuse of statistics in public
affairs led to the establishment of a Survey
Appraisal and Public Questions Committee
in 1981. This committee is free to respond
to approaches from groups suffering from
what they judge to be a misuse of statistics.
As a notable example, a 1995 report showed
that family welfare benefit levels were based
on a quite inadequate subset of the national
household income and expenditure survey.
The publicity given to the Committee’s im-
partial, critical comments has improved the

practice of survey sampling* in New Zealand
generally.

The New Zealand Statistician first appeared
in 1966 as a newsletter for the Association but
it included some technical articles. In 1985 the
Newslerter was separated from the New Zealand
Statistician, which became a journal, publishing
principally technical articles describing applica-
tions of statistics in New Zealand. In 1998 this
journal amalgamated with the Australian Jour-
nal of Statistics*. The combined Australian and
New Zealand Journal of Statistics is published
by Blackwells, and the first edition appeared in
1998. The combined journal has a New Zealand
Associate Editor responsible for an applied sta-
tistics section, which is appropriate given the
historical emphasis of the Association.

The Association is run by an Executive Com-
mittee of 16 who are scattered around the coun-
try, but it operates mainly by endorsing and
supporting those members who have the inter-
est to promote statistics in a special way. This
has led to a varied range of initiatives over the
years, an example of which was the publica-
tion of a book celebrating the role of women in
statistics in New Zealand’s Womens Suffrage
Centennial Year, 1993. Regular subcommittees
through the last decade have been those for ed-
ucation, survey appraisal and public questions,
publications, science fairs, young statisticians,
and history.

Through affiliation with the International
Statistical Institute*, the Association maintains
close relations with a number of statistical
societies around the world, particularly the
Statistical Society of Australia*. It is also a
member body of the Royal Society of New
Zealand (RSNZ). As such, the Association has
a representative on the RSNZ Mathematical
and Information Sciences Standing Commit-
tee, which provides it with a voice on national
science policy.

JEFFREY J. HUNTER

NICKED-SQUARE DISTRIBUTION

The nicked-square (NS) distribution provides
a valuable tool for studying the distribution
theory of certain measures of agreement*. The



NS distribution is defined in this section, and
the motivation for its development is discussed
in the next.

Define the following sets of points in
Mz So=1[0,1] x [0,1], §, =[04,0.45] X
[0,0.5], S, = [0.55,0.6] X [0,0.5], and §; =
[0.4,0.6] X [0,0.5]. The NS distribution,
shown in Fig.1, has the density

1 if (x,y) € So\Ss,
fey) =142 if(x,y) € (5 US,),

0 otherwise.

Here the random variables X and Y are depen-
dent but uncorrelated. Apart from the nicked
area, the NS distribution resembles the uniform
square (US) distribution with density 1 on S
and O elsewhere.

MOTIVATION

Researchers may choose to study the agree-
ment between two bivariate continuous mea-
surements by constructing 2 X 2 contingency
tables* (see TWO-BY-TWO:TABLES) with cate-
gories defined by the two empirical medians of
the marginal data (see EMPIRICAL BIVARIATE
QUANTILE-PARTITIONED (EBQP) DISTRIBU-
TION.) Blomgqvist [1] derived an asymptotic
variance for such 2 X 2 tables* under certain
regularity conditions, but subsequent work by
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Figure 1 Nicked-square distribution.  The density
equals 1| in the gray region, 2 in the black region,
and O elsewhere.
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Borkowf et al. [2] revealed that his asymp-
totic theory was correct only in special cases.
They developed the NS distribution as a coun-
terexample to illustrate differences between
Blomgqyvist's asymptotic theory and their cor-
rected asymptotic theory.

The EBQP distribution describes the distri-
bution of r X ¢ tables with.categories defined
by empirical quantiles* [2]; for 2 X 2 tables
the extended hypergeometric (XH) distribution
(4] has the same asymptotic distribution as that
given by Blomgqvist [1].

2 X 2 TABLES PARTITIONED BY
EMPIRICAL MEDIANS

Suppose one samples N observations (N = 2n)
from a bivariate continuous distribution F(x, y)
with marginal distributions G(x) and H(y) and
conditional distributions G(x | y) and H(y | x).
Let U and V be the empirical medians of the X
and Y variables, respectively. Then the (X, Y)
data can be partitioned into a 2 X 2 contin-
gency table defined by these empirical medi-
ans with cell counts {m;;} (i,j = 1,2), as in
Table 1; m;, denotes the number of observa-
tions with X and Y values that fall below both
empirical medians.

Because this table has categories defined by
the empirical medians, it has the EBQP distri-
bution and its counts satisfy the constraints

my=mp=n-=ma=n-—my. (1)
Thus, the table has a single degree of freedom.

Let Pij = m,j/N and Tij = limN_m Pij. Let
&= G"(%) and ¢ = H"(%) denote the pop-
ulation medians of X and Y, respectively.
Then ), = F(g’,a//) and E[p,'j]""' mij- Let
y=G(& @) and n = H(p | £) denote the
conditional proportions. From the asymptotic
normal theory for N'2(p;; — ;) and the

Table 1 2 x 2 Table of Counts
Partitioned by Empirical Medians

Y<yv Y=V Total
X<U my my
X = U may ma2 n
Total n n N
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marginal constraints in (1), one can derive
the asymptotic normal distributions of the cell
counts {m;,;}, the empirical proportions {p;;},
and measures of agreement calculated from
2 X 2 tables. The delta method* can be used
to calculate the variances of such measures of
agreement.

Since 2 X 2 EBQP tables have only one de-
gree of freedom, all measures of agreement that
are linear combinations of the cell counts of
these tables are equivalent. For example Co-
hen’s kappa*, £ = 2[(py; + p2) — 2] by the
marginal constraints in (1), reduces to R =
4pn — 1.

THREE ASYMPTOTIC VARIANCES

For 2 X 2 EBQP tables, Blomqvist [1] de-
rived an asymptotic variance that equals that for
2 X 2 XH tables,

Varxu(N'"?pu) — 7711(% - ‘ﬁ'n), 2

which differs from the asymptotic variance for
2 X 2 multinomial (MULT) tables,

VaryuLt(N2py) — (1 — 7). (3)

One constructs 2 X 2 MULT tables similar
to Table 1 but with random marginal totals by
partitioning the original data by the population
medians instead of by the empirical medians.
In turn, one obtains 2 X 2 XH tables by se-
lecting only those MULT tables that satisfy the
marginal constraints in (1).

In the case of 2 X 2 EBQP tables partitioned
by empirical medians,

Vargpop(N"2p11) = mn (1 — 7)) + % (y —n)?
+ mnQRyn—v—n,
“)

which differs from (2) and (3) in general. In
the special case where the condmonal propor-
tions y and 7 satisfy y = n = 2, this formula
reduces to (2). Many common bivariate contin-
uous distributions, such as the bivariate normal
(regardless of correlation) and the US distribu-
tion, meet this condition; it always holds when
X and Y are independent.

For example, the US distribution on So has

§=a,l/=%, 1T||=%,and 'y=17=-;-. By

contrast, the NS distribution, which was de-

signed to violate this condition, has £ = ¢ = %
and =i—,but'y=%andn=0.
RESULTS

For the NS distribution, the asymptotic vari-
ances of N'"2p,; in 2 X 2 EBQP XH, and
MULT tables are :;, 1¢» and ,6, respectively
[2]). This demonstrates that Blomqvist’s vari-
ance, which equals that for XH tables, differs
from the correct variance for EBQP tables. Sim-
ilarly, the corresponding asymptotic variances
for N2 are 2, 1, and 1, showing that the vari-
ance formula for # given by Fleiss et al. {3],
though correct for MULT tables, is incorrect
for EBQP tables in general.

By contrast, for the US distribution, the
asymptotic variances of N'2p;; in 2 X 2
EBQP, XH, and MULT tables are 7, 75, and
,36, respectively, which reflects the equivalence

of EBQP and XH tables when y = n = %
The corresponding asymptotic variances for
NY2g are all 1.
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NONLINEAR ESTIMATION,
MAK’S ALGORITHM FOR

In many statistical applications, the parameter
vector @ of interest is estimated by a root 6
of a possibly nonlinear equation f (y,0) =0,
where y is the vector of observed data (see NON-
LINEAR MODELS). A well-known problem of
this kind is that of maximum likelihood estima-
tion*. Unfortunately, the equation f(y,8) = 0
may have no explicit solution, so that iter-
ative numerical methods are required. Some
popular algorithms are Newton—Raphson*,
quasi-Newton, and Fisher scoring (see SCORE
STATISTICS). Based on the concept of condi-
tional expectation, Mak [4] proposed a new
approach, easy to implement, which has found
a number of applications [3, 6, 5]. The follow-
ing short exposition is mainly based on Mak
[4] and Mak et al. [5].

ALGORITHM

The Newton—Raphson algorithm converges
quickly, but an analytical expression for the
vector of derivatives 3f/3@ may not be easy
to obtain. A major problem with the quasi-
Newton method in statistical applications lies
in the numerical instability of the iteratively up-
dated 9f/860. In Mak’s approach, a sequence
of values {8, r =0,1,...} is constructed,
which converges with a probability approach-
ing 1 to 6 from any starting value 6. But,
unlike Newton-type methods, the construction
of the @, sequence does not involve 9 f/20.
Let y be an n X 1 random vector of obser-
vations, and p(y;@) its corresponding density

function, where @ is a vector parameter. The
maximum likelihood estimate 9 of @ is there-
fore obtained from solving f(y, @) = 0, where
f(y,8)=01n p(y;0)/36. Then:

(a) Fisher’s information matrix is given by
3(0.0)

06 o=0"
where g(6,0) = E,[f(y,0)]8], and
E,(: | #) is the customary notation for
the e)spectation taken under the density
p(y;0) of y.
(b) Suppose 6 has been given. Then we
- define in the (r + 1)th iteration 0 +) as
a root of the equation (in 6) '

2(0.0¢)) = f(¥,0(1); (N
then

0(,)—'0 as r — ©,
Furthermore, 8,y — 0 is 0,(n~"%).’

Result (b) implies that if the equation
g(0p+1),0n) = F(,00)) )

can be solved explicitly, the algorithm in (b)
can be easily implemented and a high degree
of accuracy is obtained in very few iterations.
When (2) does not have an explicit solution,
Mak [4] suggests the linearization

25(0,0) e
§(0.6) + ( EY:) a=9) @ -0
_ ag(é,O) b _ _
= (———aé 6=0) (6 — 8)=f(y,0).

3

Thus @+ is the solution to the linear
equation (3) (with @ replaced by 0.

EXAMPLE

This is the multinomial problem discussed in
Mak [4] and considered by Dempster et al. 2]
to introduce the EM algorithm*. The data con-
sist of a vector of counts y = (¥1,¥2 y3), ob-
served to be (38,34,125). It is postulated that
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